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Abstract

Recently. the construction of infrastructures has been booming and accelerating to
keep up with rapid economic growth. Construction activities and operation of
transportation facilities cause unfavorable effects such as civil petitions associated with
vibration-induced damages or nuisances. Accordingly. the objective of this study is to
develop vibration—controlled concrete using various vibration-controlled mixtures, and
also to recycle obsolete materials in part. As the first step to achieve this research,
preliminary mix designs have been carried out to obtain an appropriate mix proportion
above 200kg/cm® in uniaxial compressive strength. Test specimen based on the mix
proportion selected have been actuated by the impact hammer to investigate their
dynamic characteristics. Vibration-controlled mixtures are foam. latex, rubber powder
and plastic resin, which have been determined to reduce a vibration by and large. KS
F2437 and travel time method have been used to figure out 1st natural frequency and
dynamic elastic moduli. Damping ratios have been computed by adopting the polynomial
curvefitting method and the geometric analysis method on the frequency rosponse
spectrum curve, of which results have been compared and analyzed hereon.

Keywords : vibration-induced damages. vibration-controlled mixtures, mix proportion,
travel time method, natural frequency. dynamic elastic moduli. dynamic
damping ratios, polynomial curvefitting method, geometric analysis
method, dynamic characteristics. frequency spectrum curve.
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Table 1 Chemical properties of animal protein
foaming agents

Chemical Properties | pH(21C) | Gravity | Viscosity(21C)
Value 7.0 1.164 57cps

., FAsee AshA] wAy e WAEe A7)
& dAEeE 298 s AFS-E Latexs= = K
Aol KSL203AE& A8l o™ “d%-& Table
29} ), 1A, stu) KARe) Rubber Powder %
= VALY Plastic Resin® £33 #zagEe
Helolo} 4l HFepaelAEso ABLS 5 o

ld oA vl e ans BHg A
o8 Rolm Ztzrel Fg3t AREE& Table 3

A

Table 2 Chemical properties of latex KS1.203

Solidity ingredient(%) 50
~pHiz57) 8.5
Surface tension(20C) (dyn/cm) 50
BF Viscosity(BM, 25¢C)(cps) 70
~ Gravity(25C) ~Lo4
Mechanical Stability K
_Chemical Stability k&

Table 3 Chemical properties of rubber powder KTR101

_ Styrene Content(%) " 30
Volatile Matter(%) Max 1
Ash Content (%) Max 0.6
Solution Viscosity(cps) = 4500
Melt Flow Rate, 200C/5kg(g/10min) . <1
Specific Gravity ] 0.94
Hardness | 78
__Tensile Strength(Mpa)} 25
Tensile Modulus(Mpa) 2.5 B
Elongation(%) 750

Table 4 Chemical properties of plastic resin B360F

(Chemical Properties Testing method;  Unit | Value

MI ASTM D1238 g/lOmin 16.0

Density ASTM D792 vg/cm’ 0.90

~ Formative Contraction YUKONG % 1.6
"D Pont 23T i 63
 Impact T e Du Pont kg - em 50

Flexutral Modulus
Rockwell Hardness

ASTM D790 | ke/em’ | 14,000
| ASTM D795 | Rscale | 89

) v:[jf}!’_l:ﬂ"lvle Strength(yield) ASTM D638 @ ke/em® | 260
Elongation(Break) ASTM D638 % 130
Heat deformation temperature | ASTM D648 = € 98

ASTM DIG25 ¢ ¢ 150

Vicat Softening Point

125



Table 4 7]&35F%ic}.
t}& Photo 12 =

AHAANER o] &3 Latex,

2.2 ARTT

Plastic Resin ¥ Rubber Powder< ¥.o)1 it} AMRE Z99] ST AES KS F 2405(1)9
ojete] st om, MPFEFE 2 AA o
g HHEYHFE Table 594 Bl nig} o] 65
FE FEsAY. AMEEDY E-AWHEH
(W/C)& 48.5%= 5, nAsdrAes ¢d=
g(110£5mm)& 7IEo2 Hrtsigon, 717t
MEEdd fe FESHS v - Basgn 5
EA7E9 ETYUFE Table 5olA BQ 8ie} 7o)
A ES} Foame £3HZ 1 : 194 1 : 571A] 6
WA g wgegon, s nRsleE L B
~8 98 52 £YW 2AYETLL 27 A
Eg ¥ 5%94 30%7MA] 6wz & s gstaict.
Photo 1 Vibration-controlled mixtures ZEAEe AF 39, 7Y, 28U zHz}b SeElEty
(latex, plastic resin, rubber powder)
Table 5 Uniaxial compressive strength test results of vibration-controlled concrete cylinders
T Specific Mixing ratio Cement | Aggregate St(/omf;afsive ) R K
ype number (M/C) % Weight(g) (g) rnngﬁ LI emarss
3% Td 28
FO 0 760 136 307 362
F1 111 722 | 124 119 145
F F2 1:2 684 1862 78 63 109
oam F3 1:3 646 48 55 72
F4 1:4 608 32 50 35
F5 1:5 570 8 17 24
L.05 5 722 64 117 214
L10 10 684 62 115 192 *= AR oz g
Latex L15 15 646 1862 66 115 190 E2RnE 25 o
L20 20 608 32 101 151 e
L25 25 570 * 66 145
.30 30 532 * 41 118 _
R0O5 5 722 115 126 181
R10 10 684 63 68 114
Rubber R15 15 646 18692 34 41 72
Powder R20 20 608 20 29 39
| R25 25 570 | 14 13 27
R30 30 532 6 9 21
| P05 5 722 102 207 290
P10 10 684 7 145 181
Plastic P15 15 646 1862 58 103 119
Resin P20 20 608 51 90 94
P25 25 570 30 60 91
P30 30 532 . |22 55 68
Note 1) eelz m¥H7tRE 2 idrE gzle) B41ES AWNE Z2(C)oll et Al FFHMINQ.
”) Foam ZAES EUELS NWFES} Foame| &3],
A Fo= AQAR ) E90F 7 & dEaey.
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Table 6 Dynamic characteristic measured by the
travel time method

) Velocity of Specific Confined
. Specific o ) )
Specific Weight Longitudinal| density(p) Elastic
Number (ke) Wave (x107" Modulus
(cm/sec) | kg/emd/sec’) | (kg/cm?)
FO 6.622 385948 2.143 319212
Fl 5.728 450273 1.854 375891
F2 5.356 450273 1.734 351561
F3 5.080 385848 1.644 244883
F4 4.716 540329 1.526 445524
F5 4.383 450273 1.419 287696
L.05 5.860 270164 1.897 138459
L10 5.898 337705 1.909 217711
L15 5.422 385948 1.755 261418
.20 5.384 450273 1.743 353386
L25 5.314 450273 1.720 348723
L30 5.511 540329 1.784 520848
RO5 6.036 245604 1.954 117868
R10 5.764 270164 1.866 136197
R15 5.661 245064 1.832 110509
R20 5.502 245064 1.781 107432
R25 5.272 225137 1.706 86471
R30 4.720 207818 1.528 65992
P05 6.429 270164 2.081 151889
P10 6.046 245064 1.957 118049
P15 6.172 180109 1.998 64814
P20 6.166 207818 1.996 86204
P25 5.998 245064 1.941 117084
P30 5.818 300182 1.883 169676
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Table 7 Dynamic Characteristic Measured by the Resonant Column Method

1st Resonant Frequenc . .
by Longitudinal(‘?Navey 1st Resonant Dynamic Elastl;: Modulus
Specific (Hz) Frequency (kg/cm®)
Number Free-Free Simple \;y Shear Longitudinal | Longitudinal | o o
) ave(Hz) Wave Wave )
(x) ) Free-Free(#) | Simple(# #) | S mpleC¥*)
FO 4330 4340 1500 272769 274030 285474
F1 3840 3870 1400 185565 188476 215107
F2 3530 3590 1300 146629 151656 173429
F3 3860 3310 1240 166291 122278 149659
F4 3050 3080 1160 96384 98289 121586
Fb5 2660 2690 992 68134 659680 82640
L05 3790 3840 1340 184929 189841 201606
L10 3710 3740 1340 178354 181250 202913
L15 3540 3590 1280 1492178 153525 170206
L20 3570 3580 1300 150755 151601 74336
L.25 3400 3420 1230 134961 136554 154038
L.30 3220 3230 1180 125537 126318 147025
ROE 3550 3610 1260 167123 172820 183606
R1C 3260 3290 1200 134583 137071 159031
RIE 2980 3000 1130 110447 111935 138499
R2( 2620 2640 960 82976 84248 7154
R2E 2330 2400 920 62882 66716 85496
R3C 2010 2020 752 41895 42313 51141
P05 2580 2740 1420 94018 106041 248379
P10 3800 3860 1410 191807 197912 230304
P15 3840 3880 1400 199949 204136 231781
P20 3820 3860 1360 167679 201840 218513
P25 3720 3720 1300 182357 182357 194218
P30 3550 3580 1240 161087 163821 171401

(if) Free-Free(*x) @ FUA21 3 g4
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Fig. 3 Example of damping ratio to be measured

by the polynomial curvefiting method

p=—0+ju. 1 L j= 27 Response ¥ Input

£ yely k¥ DOF, si= Laplace Variable&
omjgich
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@ 3y £de] 4F Heolxm o™ Latex

o

Photo 2 Photo graph for the damping ratio by the
dynamic signal analyzer

Table 8 Damping ratio results by geometrical analysis

Polynomial Curve Fitting

Geometrical Analysis Method

Specific Method
Number 1st Resonant Damping Damping
. f f Af fm .
Frequency Ratio(%) ! : Ratio(%)
FO 1500 1.11 1500 1550 50 1530 1.63
F1 1400 1.34 1360 1420 60 1400 2.14
F2 1300 1.58 1240 1310 70 1280 2.73
F3 1240 1.30 1180 1290 110 1260 4.36
F4 1160 1.96 1090 1180 90 1150 3.91
F5 992 2.50 936 1030 94 1000 4.7
L05 1340 1.99 1300 1380 80 1350 2.96
L10 1340 2.00 1320 1400 80 1370 2.99
L15 1280 2,22 1220 1320 100 1290 3.88
L20 1300 2.62 1210 1300 90 1270 3.54
1.25 1230 2.16 1150 1240 90 1200 3.71
1.30 1180 2.39 1110 1210 100 1170 4.27
RO5 1260 1.53 1260 1340 80 1310 3.05
R10 1200 1.74 1100 1170 70 1140 3.07
R15 1130 1.61 1010 1080 70 1050 3.33
R20 960 1.83 856 928 72 900 4.00
R25 920 2.06 804 888 84 860 4.88
R30 752 2.08 608 668 60 648 4.63
P05 1420 1.88 692 932 240 840 1.43
P10 1410 1.49 1320 1390 70 1360 2.57
P15 1400 1.43 1300 1360 60 1340 2.24
P20 1360 1.77 1320 1380 60 1360 2.21
P25 1300 1.40 1290 1370 80 1340 2.98
P30 1240 1.48 1190 1270 80 1240 3.23
130 ZI2|ESS| =22 H 8 H 5% 1996. 10
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